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TECHNICAL FIELD 

The present invention relates to a novel metalloproteinase useful in applications such as diagnosis of 
the presence of tumour cells, diagnosis of the degree of tumour malignancy, or other medical or 
physiological fields. 

More specifically, the present invention relates to one type of metalloproteinase expressed specifically 
in human tumour cells and a DNA sequence encoding therefor; a plasmid having a nucleotide sequence 
which contains said DNA sequence; a host cell harbouring said plasmid; a method for manufacturing said 
protein using said host cell; a probe which hybridizes with the aforesaid DNA sequence; a method for 
detecting DNA or RNA containing the aforesaid sequence using said probe; and monoclonal antibodies 
which bind specifically to the aforesaid protein. 

BACKGROUND 

A group of enzymes with different substrate specificity and referred to in general as matrix metal- 
loproteinases (hereinafter referred to as "MMPs") contributes to degradation of the extracellular matrix 
comprising such complex components as collagen, proteoglycan, elastin, fibronectin, and laminin. 

Previously reported MMPs include interstitial collagenase (MMP-1), 72 kDa gelatinase (also known as 
type IV collagenase or gelatinase A; MMP-2), 92 kDa gelatinase (also known as type IV collagenase or 
gelatinase B; MMP-9), stromelysin-1 (MMP-3). matrilysin (MMP-7), neutrophil collagenase (MMP-8). 
stromelysin-2 (MMP-1 0) and stromelysin-3 (MMP-1 1). 

These MMPs are a family of enzymes whose primary structure has been reported previously. With the 
exception of MMP-7, the primary structure among the family of reported MMPs comprises essentially an N- 
terminal propeptide domain, a Zn + binding catalytic domain and a C-terminal hemopexin-like domain. In 
MMP-7 there is no hemopexin-like domain. MMP-2 and MMP-9 contain an additional gelatin-binding 
domain. In addition, a proline-rich domain highly homologous to a type V collagen a2 chain is inserted in 
MMP-9 between the 2n + binding catalytic domain and the Oterminal hemopexin-like domain. 

In highly metastatic tumour cells, there are reports of conspicuous expression of type IV collagenase 
(MMP-2, MMP-9) which mainly degrade type IV collagen (Cancer Res., 46:1-7, 1986; Biochem. Biophys. 
Res. Commun., 154:832-838. 1988; Cancer, 71:1368-1383, 1993). Likewise, it has been reported MMP-3 act 
as an activator of proMMP-9 (J. Biol. Chem., 267:3581-3584. 1992). 

The degree of matrix metalloproteinase expression serves as an index to diagnosing the degree of 
cancer malignancy. 

DISCLOSURE OF THE INVENTION 

The present inventors discovered a novel matrix metalloproteinase (hereinafter deferred to as "MT- 
MMP") and performed a structural analysis thereof. 

As described hereafter, the present invention offers a novel metalloproteinase protein, DNA having a 
nucleotide sequence which encodes said protein, a plasmid having said DNA nucleotide sequence, a host 
cell harbouring said plasmid and monoclonal antibodies which specifically recognize the aforesaid metal- 
loproteinase protein. 

1. A protein having the amino acid sequence shown in Sequence Sheet sequence number 1. 

2. A DNA having the nucleotide sequence shown in Sequence Sheet sequence number 2 which encodes 
a protein having the amino acid sequence shown in Sequence Sheet sequence number 1 . 

3. A plasmid containing a DNA having the nucleotide sequence shown in Sequence Sheet sequence 
number 2, and expressing the protein shown in Sequence Sheet sequence number 1. 

4. A host cell harbouring a plasmid containing a DNA having the nucleotide sequence shown in 
Sequence Sheet sequence number 2, and expressing the protein shown in Sequence Sheet sequence 
number 1 . 

5. Monoclonal antibodies which peculiarly recognize a protein having the amino acid sequence shown in 
Sequence Sheet sequence number 1. 

The present invention is described in detail hereafter. 

Using highly conserved sequences (Sequence Sheet sequence numbers 3 and 4) selected from amino 
acid sequences of the known matrix metalloproteinase (MMP) family, the present inventors designed and 
synthesized an oligonucleotide primer having the sequences denoted by Sequence Sheet sequence 
numbers 5 and 6. A PCR was carried out using said oligonucleotide primer and a human placental cDNA 
library, the PCR products obtained were sequenced, and a 390 bp DNA fragment having a sequence non- 
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homologous to known MMP was obtained. Using this 390 bp DNA fragment as a probe, the human placenta 
cDNA library was screened, and a cDNA in the positive phage clone obtained was sequenced. The 
nucleotide sequence is that denoted by Sequence Sheet sequence number 2. A sequence identical to the 
nucleotide sequence in Sequence Sheet sequence number 2 did not exist in the Genbank/EMBL DNA 

s database, and DNA having this nucleotide sequence was ascertained to be completely novel. 

The nucleotide sequence of the aforesaid cloned cDNA in Sequence Sheet sequence number 2 had a 
3* non-coding sequence and open reading frame that potentially encode 582 amino acid. An initiation codon 
was located at nucleotide number 112, and a stop codon was present at nucleotide number 1858. It was 
determined that this open reading frame encoded the 582 amino acid sequence in Sequence Sheet 

to sequence number i; that a deduced signal sequence continued after the initiation codon, and that a 
hydrophobic domain (Sequence Sheet sequence number 7) specific to a membrane-binding protein of 20 or 
more linked hydrophobic amino acids was present from C-terminal amino acid number 533 to 562. 

When homology between the amino acid sequence of MT-MMP and that of the known MMP family was 
analyzed, MT-MMP had high homology to the known MMP family, as shown in Figure 2. The sequences 

75 best conserved in MT-MMP were active site sequences, as well as sequences proximal to processing site 
between precursor and mature substance conserved in the MMP family. The fact that MT-MMP has the 
structural characteristics of a membrane-binding protein, and the presence in MT-MMP of a sequence of 
linked hydrophobic amino acids (shown in Sequence Sheet sequence number 7) not found in the rest of the 
MMP family, strongly suggested that MT-MMP, unlike other MMP family, is a membrane-binding MMP. 

20 When MT-MMP expression in various human tissues was studied by Northern Blot analysis with various 
tissue-derived Poly(A)RNA, high expression was seen in the placenta, lung and kidney (see Figure 3). 
Likewise, results from Northern Blot analysis performed with RNA extracted from normal and tumour areas 
of human lung squamous cell carcinoma showed that MT-MMP is expressed peculiarly at tumour sites (see 
Figure 4). 

25 Finally, immunoprecipitation and immunostain experiments using anti-MT-MMP monoclonal antibodies 
showed that the MT-MMP pertaining to the present invention is expressed on a cell membrane without 
secretion of a gene product, and MMP-2 activation induced by the expression of MT-MMP was observed in 
the cells transfected with MT-MMP gene (Nature, 370:61-65, 1994). 

Due to the achievements of the above-discussed research by the present inventors, the present 
30 invention offers a novel matrix metalloproteinase protein having the amino acid sequence in Sequence 
Sheet sequence number 1. 

In addition, the present invention offers DNA having the nucleotide sequence in Sequence Sheet 
sequence number 2, which encodes a protein having the amino acid sequence in Sequence Sheet 
sequence number 1; a plasmid containing and capable of expressing said DNA; and a host cell harbouring 
35 said plasmid. All host cells used in general recombinant DNA technology can be used as the aforemen- 
tioned host cell, including prokaryotes such as E. coli and Baci lus subtilus; eukaryotes such as yeast, COS 
cells, CHO cells and 3T3 cells; and insect cells such as Sf21. Expression vectors corresponding to used 
host cells can be used as the aforementioned plasmid. 

Furthermore, the present invention offers mRNA transcribed from DNA having the nucleotide sequence 
40 in Sequence Sheet sequence number 2. 

The present invention also offers a probe which hybridizes with the aforementioned DNA or RNA and 
specifically detects said DNA or RNA, and said probe may be one having any part of the nucleotide 
sequence in Sequence Sheet sequence number 2, provided said probe is labeled by a generally used 
radioactive isotope or enzyme or the like, hybridizes specifically with said DNA or RNA in general blotting 
45 analysis and in situ hybridization, and accomplishes detection. 

Furthermore, the present invention offers monoclonal antibodies which bind peculiarly with the MT-MMP 
pertaining to the present invention. 

The monoclonal antibodies pertaining to the present invention can be prepared by a well-known method 
such as the method of Milstein et al. (Nature, 256:495-497, 1975) using human MT-MMP as an antigen. In 
so this method, the antigen may be native human MT-MMP, recombinant human MT-MMP, or a synthetic 
peptide having a partial amino acid sequence of either. 

By means of the present invention, DNA having a nucleotide sequence which encodes a protein with 
the amino acid sequence of the novel MT-MMP pertaining to the present invention can be cloned, and such 
DNA and a protein encoded by such DNA can be prepared by a genetic engineering technique. Through 
55 the use of a cDNA clone of such a novel MT-MMP, techniques generally used in genetic engineering can 
be used to clone the aforementioned nucleotide sequence into another vector or host. Based on the 
aforementioned cDNA nucleotide sequence, DNA appropriately suited to a probe may be designed and 
prepared. In addition, based on the nucleotide sequence of the MT-MMP pertaining to the present invention, 
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techniques generally used in genetic engineering can be used to prepare a corresponding protein wherein 
appropriate mutation have been introduced into the MT-MMP amino acid sequence by substitution, deletion, 
insertion, displacement or addition of one or more amino acids. All such aforementioned derivatives may 
also beincluded in the present invention, provided that common metalloproteinase characteristics are 
s conserved; namely, sequences proximal to processing site between precursor and mature substance, active 
site sequences and domain structure, and provided that the MT-MMP characteristic of a hydrophobic 
domain of linked hydrophobic amino acids present near the C terminus is conserved. 

Use of the above-discussed various implementations of the present invention offers various technical 
means applicable to applications pertaining to diagnostic agents or diagnostic methods used for diagnosis 
70 of the presence of tumour cells or for diagnosis of the degree of tumour malignancy, as well as applications 
in other medical or physiological fields. 

The present invention is described in detail hereafter by means of Working Examples, but the present 
invention is not limited by these Working Examples. 

75 WORKING EXAMPLES 

Working Example 1 Isolation of novel metalloproteinase (MT-MMP) cDNA 

(a) Construction of cDNA Library 

20 

Total RNA was extracted from human placenta tissue by a guanidine-cesium chloride method (Bio- 
chemistry, 18:5294-5299, 1979) and poly(A) + RNA was purified using an oligo(dT)-cellulose column. Using a 
purified poly (A) + RNA as a template and an oligo(dT) primer, cDNA was synthesized according to the 
Gubler-Hoffman method (Gene, 25:263-269, 1983). The ends of the cDNA were converted to blunt end with 

25 T* DNA polymerase, and EcoR I sites present in the cDNA were methylated by EcoR I methylase. Using T* 
DNA ligase, an EcoR I linker [d(pG-G-A-A-T-T-C-C)] and the cDNA were ligated, and cDNA possessing 
EcoR I sites at both ends was generated by EcoR I digestion. Using T 4 DNA ligase, this cDNA was cloned 
into EcoR I site of \gt11. In vitro packaging of this cDNA was carried out, for example, using an in vitro 
packaging kit (Amersham), and a cDNA library was thus constructed. A commercial cDNA library such as a 

30 human placenta cDNA library (Clontech) can be used as a cDNA library. 

(b) Preparation of synthetic oligonucleotide primer 

The sequences denoted by Sequence Sheet sequence numbers 3 (P-1) and 4 (P-2) were selected from 
35 among amino acid sequences of the known MMP family as highly conserved amino acid sequences in the 
MMP family, and oiigodeoxynucleotide primers corresponding respectively to oligopeptide P-1 and 
oligopeptide P-2 were designed. Specifically, when amino acids coded by two or more codons were present 
in an oligopeptide, the sequences were designed as a mixture as shown in Sequence Sheet sequence 
numbers 5 (primer 1) and 6 (primer 2). Primer 1 and primer 2 were synthesized by a 0-cyanoethyl 
40 phosphoamidite method using a DNA synthesizer (Applied Biosystems Model 392). Using a NICK column 
(Pharmacia) equilibrated with 10mM sodium phosphate buffer, pH 6.8 the obtained primer 1 and primer 2 
were purified. 

(c) Gene amplification by PCR 

45 

Using a human placenta-derived cDNA as a template and primers 1 and 2 noted in the above section 
(b), a PCR (PCR Technology, Stockton Press, pp. 63-67, 1989) was run. 

As a result, a 390 bp PCR product was yielded. The obtained PCR product was cloned in an 
appropriate plasmid, e.g., pUC 119 or pBluescript, and the nucleotide sequence of the PCR product was 

so determined using a fluorescence DNA sequencer (Applied Biosystems, Model 373A) and a Taq dye-primer 
cycle sequencing kit (Applied Biosystems). Among various PCR products whose nucleotide sequences 
were determined, PCR product A having no homology to nucleotide sequences of previously reported 
MMPs was obtained. PCR product A was used as a probe for screening the human placenta cDNA library 
noted in the foregoing section (a). ^P labeling of the probe was generated using a random primed DNA 

55 labeling kit (Boehringer Mannhaim). 
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(d) Screening of novel MMP gene from cDNA library and DNA sequencing. 

Host E. coli Y1090 was transfected with the human placenta cDNA library constructed in the \gt11 cited 
in the foregoing section (a) and plaques were formed. Specifically, Y1090 was cultured overnight in an L 

s broth containing 0.02% maltose, and bacteria were harvested and suspended in 10mM MgSO*. This cell 
suspension and a phage solution were mixed, incubated at 37 'C for 15 minutes, and then the phages were 
adsorbed onto the host bacteria. Soft agar was added thereto, and the material was spread on an L plate 
(the above-noted operation is hereinafter termed "plating"). The plate was incubated overnight at 42 -C and 
a plaque was formed, after which a nylon filter (e.g., Hibond-N, Amersham) or a nitrocellulose filter (e.g., 

10 HATF. Millipore) was placed onto the plate and left in place for approximately 30 seconds. The filter was 
gently peeled and immersed in an alkaline denaturant (0.1 M NaOH, 1.5M NaCI) for 30 seconds, then 
immersed in a neutralizing solution (0.5M Tris-HCI buffer, pH 8 containing 1.5M NaCI) for 5 minutes. The 
filter was then washed with 2x SSPE (0.36M NaCI, 20mM NaH 2 P04, 2mM EDTA) and dried. The foregoing 
plaque-to-filter transfer was repeated, and at least two filters were prepared. However, plate contact time for 

75 the second and subsequent filters was extended to approximately 2 minutes. Filters were baked 2 hours at 
80 *C and DNA was thus fixed. The two filters, at a minimum, prepared from one plate were respectively 
washed 1 hour at 42'C in a wash solution (50mM Tris-HCI buffer. pH 8.0 containing 1M NaCI, 1mM EDTA 
and 0.1% SDS), placed in a hybridization bag, and prehybridization was carried out by 6 to 8 hours 
immersion at 42* C in a prehybridization solution [50% formamide, 5x Denhardfs solution (0.2% bovine 

20 serum albumin, 0.2% polyvinylpyrolidone), 5x SSPE, 0.1% SDS, 100ug/ml heat-denatured salmon sperm 
DNA]. Next, the 32 P-labeled probe noted in section (c). heat-denatured for 5 minutes at 100*C, was added 
to the prehybridization solution, and hybridization was carried out overnight at 42 *C. After hybridization was 
complete, the filters were washed at room temperature with an excess of 2x SSC solution containing 0.1% 
SDS. Next, the filters were placed for 15 minutes at 68 *C in 1x SSC solution containing 0.1% SDS. The 

25 filters were then dried, layered with X-ray film (Kodak XR). and 1 week autoradiography was then carried 
out at -70 *C. The X-ray films were developed, replica filters in duplicate produced from one plate were 
piled up each other, and signals that appeared precisely same place on duplicate filters were marked. 
Plaques corresponding to marked signals were suspended in SM solution (50mM Tris-HCI buffer, pH 7.5 
containing 0.1 M NaCI and 10mM MgSCU). These phage suspensions were appropriately diluted and plating 

so was performed, screening similar to that noted above was carried out, and recombinant phages were 
obtained. 

(e) Preparation of recombinant Xgt1 1 DNA 

35 Each cloned phages was plated, incubated for 3 hours at 42 «C. and incubated overnight at 37 *C. 
Several drops of chloroform was then added to the SM solution and the material was left at room 
temperature for 30 minutes. The SM solution together with the upper layer of soft agar was then scraped 
off, and centrifuged. Polyethylene glycol was added to a 10% final concentration in the supernatant, and the 
material was mixed and left at 4* C for 1 hour. The material was then centrifuged. the supernatant was 
discarded, and phage particles were collected. The phage particles were suspended in SM solution and 
purified by a glycerol gradient ultracentrifugation method (see "Molecular Cloning, a Laboratory Manual", T. 
Maniastis et al., Cold Spring Harbor: Laboratory Press pp. 2.78. 1989). The phages obtained were 
suspended in SM solution and treated with DNase I and RNase A. A mixture of 20mM EDTA, 50ug/ml 
proteinase K, and 0.5% SDS was then added, and the material was incubated at 65 *C for 1 hour. The 
45 material was then subjected to phenol extraction and diethylether extraction, and DNA was precipitated by 
ethanol precipitation. The DNA obtained was washed with 70% ethanol, dried, and dissolved in TE solution 
(10mM Tris-HCI buffer, pH 8 containing 10mM EDTA). 



40 
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(f) Sequencing of the insertion fragment 



The xgtn DNA prepared in the above section (e) was digested with EcoR I, an insertion fragment was 
excised and purified, and cloned into the EcoR I site of a pBluescript (Stratagene) vector. E. coli NM522 
XLI-Blue was transformed with this recombinant pBluescript. The P transformed cells were selected, 
infected with helper phage VCSM13 (Stratagene), and cultured overnight. The culture was centrifuged and 
55 the bacteria were removed, and PEG/NaCI was added to precipitate the phag s. The precipitate was 
suspended in TE solution, and single-stranded DNA was extracted with phenol and recovered by ethanol 
precipitation. The single-stranded DNA was sequenced using a fluorescence DNA sequencer (Applied 
Biosystems, Model 373A) and a Taq dye-primer cycle sequencing kit (Applied Biosystems). The total length 
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of the sequence determined was 3403 base pairs, and the sequence thereof is denoted by Sequence Sheet 
sequence number 2. The nucleotide sequence in Sequence Sheet sequence number 2 was searched using 
the Genbank/EMBL DNA database, but an identical sequence did not exist. 

5 (g) Analysis of Gene Product 

Hydrophilic and hydrophobic values of the amino acid sequence denoted by Sequence Sheet sequence 
number 1, as predicted from the nucleotide sequence denoted by Sequence Sheet sequence number 2, 
were calculated by the Kyte-Doolittle method (J. Mol. Biol., 157:105-132, 1982), and the hydrophilic and 

10 hydrophobic distribution plot shown in Figure 1 was determined. A hydrophobic domain comprising a 
sequence of 20 or more linked hydrophobic amino acids peculiar to a membrane binding protein was 
present from position 533 to position 562 of the C-terminal region of Sequence Sheet sequence number 1, 
and the sequence thereof is shown in Sequence Sheet sequence number 7. Such a sequence of linked 
hydrophobic amino acids does not exist in previously known MMPs. 

75 When the homology of the amino acid sequence in Sequence Sheet sequence number 1 was 
compared to reported MMPs amino acid sequences, the amino acid sequence in Sequence Sheet 
sequence number 1 showed homology with the MMP family. Specifically, processing site between 
precursor and active enzyme and active site conserved to an extremely high degree among MMP family 
were each highly conserved in MT-MMP as well (Sequence Sheet sequence number 1, amino acids 

20 numbers 88-97 and 112-222). 

Working Example 2 Gene Expression 

(a) Expression in Tissues 

25 

Using ^P-labeled PCR product A noted in Working Example 1, section (c) as a probe, hybridization was 
performed with poly(A) + RNA blotted membrane, human multiple tissue Northern Blots (Clontech), which 
contains poly(A) + RNA from human heart, brain, placenta, lung, liver, skeletal muscle, kidney and pancreas. 
Human multiple tissue Northern Blot filters wetted with 3x SSC (0.45M NaCI, 0.045M trisodium 

30 citrate«2H 2 0, pH 7.0) were prehybridized for 2 to 3 hours in a prehybridization solution (0.75M NaCI, 2.5mM 
EDTA, 0.5x Denhardt's solution, 50% formamide and 20mM Tris-HCI buffer, pH 7.5 containing 1% SDS) 
with gentle agitation. Next, a heat-denatured probe was added to the hybridization solution (10% sodium 
dextran and 50ug/ml denatured salmon sperm DNA-containing prehybridization solution), the prehybridiza- 
tion solution was replaced, and hybridization was performed overnight at 43 *C. After hybridization was 

35 complete, the filters were washed with 2x SSC containing 0.1% SDS. Next, the filters were placed for 15 
minutes at 68 -C in 1x SSC containing 0.1% SDS. The filters were then dried, layered with X-ray film 
(Kodak XR), and 1 week autoradiography was then carried out at -70 *C. The size of the MT-MMP gene 
transcripts was 4.8 kb in each tissue. When the developed X-ray films were traced by a densitometer and 
signal intensity was measured, among the investigated tissues, MT-MMP genes were found to be highly 

40 expressed in the lung, placenta and kidney. 

(b) Expression in Tumour Tissues 

Normal and tumour tissues were taken from samples of two squamous cell carcinomas human lung, 
45 respectively, and total RNA was extracted by a guanidine-cesium chloride method. 10ug of each said RNA 
was applied to 1% agarose electrophoresis and then transferred onto a nylon membrane. Hybridization was 
then carried out with the ^P-labeled probe noted in Working Example 1, section (c). Hybridization and 
autoradiography tracing were performed as described in the foregoing section (a). In each human lung 
squamous cell carcinoma, significantly higher expression were seen in tumour tissue (see Figure 4 T) than 
50 in normal tissue (see Figure 4 N). 

Working Example 3 Preparation of Monoclonal Antibodies 
(a) Preparation of Polypeptides as Antigen 

55 

From the MT-MMP amino acid sequence denoted by Sequence Sheet sequence number 1, sequences 
denoted by Sequence Sheet sequence numbers 8, 9 and 10 (sequence of Sequence Sheet sequence 
number 1 amino acid numbers 160-173, 320-333, and 498-512, respectively; hereinafter termed polypeptide 
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A, polypeptide B and polypeptide C, respectively) were selected as specific sequences having low 
homology to other members of MMP family. These polypeptides were synthesized by Fmoc-BOP method 
using a peptide synthesizer (MilliGen/Biosearch, Peptide Synthesizer 9600), and cysteine was introduced at 
the N-terminus. Each synthesized peptide was purified by high speed liquid chromatography. 

5 

(b) Preparation of Each Polypeptides and Keyhole Limpet Hemocyanin Complexes 

2 mg of keyhole limpet hemocyanin (KLH) dissolved in 1 ml of 0.1 M phosphate buffer, pH 7.5 and 1.85 
mg N-(e-maleimidocaproyloxy)succinimide dissolved in 200 ul dimethylformamide were mixed and in- 

w cubated at 30 'C for 30 minutes. Next, the above-noted mixture was applied to gel filtration by PD-10 
(Pharmacia) equilibrated with 0.1 M phosphate buffer, pH 7.0. KLH-bound maleimide was collected and 
concentrated to less than 1.5 ml. Each polypeptide synthesized in the foregoing section (a) was respectively 
dissolved in 1 ml of 0.1 M phosphate buffer, pH 7.0 and mixed with KLH-bound maleimide at a molar ratio 
representing a factor of 50. This material was then incubated 20 hours at 4*C, and KLH-polypeptide 

75 complexes were thus prepared. 

(c) Preparation of Antibody-producing Cells 

As an initial immunization, eight-week-old Balb/c female mice were given an intraperitoneal administra- 
20 tion of 250 ug of a complex of KLH and, respectively, polypeptide A, polypeptide B or polypeptide C 
prepared in the above section (b), in Freund's complete adjuvant. After 18 days, the respectively immunized 
mice were boosted intraperitoneal^ with 200 ug of the respective complexes dissolved in 0.1 M phosphate 
buffer, pH 7.5. After 32 days, a final immunization of 100 ug of each complex was administered 
intravenously as the booster immunization. Three days thereafter, splencytes were extirpated and splencyte 
25 suspensions were prepared. 

(d) Cell Fusion 

Fusion with 8-azaguanine-resistant myeloma cell SP2 (SP2/0-Ag14) was performed according to a 

30 modifying method of Oi et al (see Selected Methods in Cellular Immunology, Mishell, B.B. and Shiigi, S. M., 
ed., W.H. Freeman and Company pp. 351-372, 1980). Fusion of myeloma cell SP2 with karyo-splencytes 
from mice immunized with the polypeptide A- KLH complex is discussed in details, hereafter. 

Through the following procedures, karyo-splencytes prepared in the foregoing section (c) (cell viability 
100%) were fused in a 5:1 ratio with myeloma cells (cell viability 100%). A polypeptide A-immunized 

35 splencyte suspension and myeloma cells were separately washed in RPM1 1640 medium. The material was 
then suspended in the same medium, and 3x10 s cells of karyo-splencytes and 6x1 0 7 cells of myeloma 
cells were mixed for fusion. The cells were then precipitated by centrifugation, and all the supernatant was 
completely discarded by suction. 2.0 ml of PEG 4000 solution (RPMI 1640 medium containing 50% [w/v] 
polyethylene glycol 4000) prewarmed at 37'C was added dropwise to the precipitated cells over 1 minute, 

40 1 minute stirring was performed, and the cells were resuspended and dispersed. Next, 2.0 ml of RPMI 1640 
medium prewarmed at 37 'C was added in a dropwise fashion over 1 minute. After repeating the same 
operation once more, 14 ml of RPMI 1640 medium was added dropwise over 2 to 3 minutes under constant 
stirring, and the cells were dispersed. The dispersion was centrifuged and the supernatant was completely 
discarded by suction. Next, 30 ml of NS-1 medium (RPMI 1640 medium containing filter-sterilized 15% 

45 [w/v] fetal calf serum [JRH Biosciences]) prewarmed at 37 *C was rapidly added to the precipitated cells, 
and the large cell clumps were carefully dispersed by pipetting. The dispersion was then diluted by adding 
30 ml of NS-1 medium, and 6.0x10 s cells/0.1 ml/well was added to a polystyrene 96-microwell plate. The 
above-noted cell-filled microwells were cultured in 7% carbonic acid gas/93% atmospheric air at 37 *C and 
100% humidity. 

50 In the case of splencytes derived from mice immunized with the polypeptide B-KLH complex, 6.4x10 s 
cells of splencytes and 1.28x10 s cells of myeloma cells were mixed, and respectively. 4.3 ml, 38.7 ml and 
129 ml of the above-used PEG 4000 solution, RPMI 1640 medium and NS-1 medium were used. In the 
case of splencytes derived from mice immunized with the polypeptide C-KLH complex. 6.8x10 s cells of 
splencytes and 1.36x10 s cells of myeloma cells were mixed, and 4.5 ml, 40.5 ml and 135 ml of respectively 

55 PEG 4000 solution, RPMI 1640 medium and NS-1 medium were used. 
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(e) Selective Amplification of Hybridomas by Selective Culture Medium 

On the day following the start of culturing mentioned in the above section (d) (Day 1), 2 drops (approx. 
0.1 ml) HAT culture medium (100 uM hypoxanthine. 0.4 uM aminopterin and 16 uM thymidine added to 
NS-1 culture medium) were added to the cells with a Pasteur pipette. On Days 2, 3, 5 and 8. half of each 
culture medium (approx. 0.1 ml) was replaced with fresh HAT medium, and on Day 11, half of each culture 
medium was replaced with fresh HT culture medium (HAT culture medium not containing aminopterin). On 
Day 14, for all the wells in which hybridoma growth was observed to the naked eye. positive wells were 
investigated by enzyme-linked immunoadsorbent assay (ELISA). Specifically, the polystyrene 96-well plate 
was respectively coated with polypeptides A. B and C serving as antigens, washed using PBS for washing 
(containing 0.05% Tween 20). and unadsorbed peptides were thus removed. In addition, the uncoated 
portion of each well was blocked with 1% BSA. 0.1 ml of supernatant from wells in which hybridoma growth 
was confirmed was added to each polypeptide-coated well, and the plate was stood at room temperature for 
approximately 1 hour. 

Horseradish peroxidase-labeled goat anti-mouse immunoglobulin was added as a secondary antibody, 
and the plate was again stood at room temperature for approximately another 1 hour. A substrate of 
hydrogen peroxide and o-phenylenediamine was added, and the degree of color development was 
measured as absorbance at 492 nm using a microplate light absorbency measuring device (MRP-A4. 
Tosoh). 



(f) Hybridoma Cloning 

Hybridomas in wells positive with respect to individual antigen peptides, as obtained in the foregoing 
section (e). were monocloned according to the limiting dilution method. Specifically, hybridomas were 
diluted to 5, 1 and 0.5 per well and were respectively added to 36, 36 and 24 wells of a 96 microwells. On 
Day 5 and Day 12, approximately 0.1 ml NS-1 medium was added to each well. Approximately 2 weeks 
after cloning began, the ELISA noted in section (e) was performed for groups in which sufficient hybridoma 
growth was visually confirmed and 50% or more wells were negative for colony formation. If all tested wells 
were not positive, 4 to 6 antibody-positive wells in which the number of colonies was 1 were selected, and 
recloning was performed. Finally, as shown in Table 1 and Table 2. 12, 20 and 9 hybridomas were obtained 
which produced monoclonal antibodies against polypeptide A, polypeptide B or polypeptide C, respectively. 

(g) Hybridoma Culturing and Monoclonal Antibody Purification 

Each obtained hybridoma was cultured in NS-1 medium and a 10 to 100 ug/ml concentration of 
monoclonal antibody was successfully obtained from the supernatant thereof. In addition, BALB/c mice 
given an one week prior intraperitoneal administration of pristane were given a similar intraperitoneal 
administration of 1x10 7 cells of obtained hybridomas, and after 1 to 2 weeks, abdominal fluid containing 4 to 
7 mg/ml of monoclonal antibody was successfully obtained. The abdominal fluid obtained was salted out by 
40% saturated ammonium sulfate, and IgG class antibodies were adsorbed to Protein A Affigel (Bio-Rad) 
and purified by elution with a 0.1 M citric acid buffer, pH 5. 

(h) Determination of Monoclonal Antibody Class and Subclass 

In accordance with the above-discussed ELISA, the supernatant of monoclones obtained in section (f) 
were added to microtitration plates respectively coated with polypeptide A t polypeptide B or polypeptide C. 
After washing with PBS, isotype-specific rabbit anti-mouse IgG antibodies (Zymed Lab.) were added. After 
washing with PBS, horseradish peroxidase-labeled goat anti-rabbit IgG (H + L) was added, and class and 
subclass were determined using hydrogen peroxide and 2.2 , -azino-di(3-ethylbenzthia2olinic acid) as a 
substrate. 

(i) Specificity of Anti-MT-MMP Monoclonal Antibodies 

The cross-reactivity of five varieties of anti-MT-MMP monoclonal antibodies (monoclone numbers 113- 
5B7, 113-15E7, 114-1F1, 114-2F2 and 118-3B1) exhibiting a positive reaction against a human MT-MMP 
peptide was determined by the ELISA noted in the foregoing section (e), using as respective antigens: 
proMMP-1 (Clin. Chim. Acta, 219:1-14, 1993), proMMP-2 (Clin. Chim. Acta, 221:91-103, 1993) and proMMP- 
3 (Clin. Chim. Acta, 211:59-72. 1992) respectively purified from the supernatant of nomal human skin 
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fibroblast (NB1RGB) culture; proMMP-7 purified from the supernatant of human rectal carcinoma cell (CaR- 
1) culture (Cancer Res., 50:7758-7764, 1990), proMMP-8 purified from human neutrophils (Biol. Chem. 
Hoppe-Seyler, 371 supp:295-304, 1990) and proMMP-9 purified from the supernatant of human fibrosar- 
coma cells (HT1080) culture (J. Biol. Chem., 267: 21712-21719. 1992). 

Specifically, using a polystyrene 96-well plate, each well was coated by adding 50 ng/well of purified 
MMP-1, MMP-2, MMP-3, MMP-7, MMP-8 and MMP-9, respectively. Washing was performed with PBS for 
washing and non-adsorbed antigen was removed, and the uncoated portion of each well was blocked with 
PBS containing 3% skim milk. 1 ug/well of each MT-MMP monoclonal antibody was respectively added to 
each well and stood at room temperature for approximately 1 hour. After washing plate, peroxidase-labeled 
goat anti-mouse immunoglobulin was added as a secondary antibody, and the plate was again stood at 
room temperature for approximately 1 hour. A substrate of hydrogen peroxide and o-phenylene diamine 
was added, and the degree of color development was measured absorbance at 492 nm using a microplate 
light absorbency measuring device (MRP-A4, Tosoh). 

In results, as shown in Table 3, each anti-MT-MMP monoclonal antibody showed no reactivity against 
purified MMPs other than the MT-MMP supplied for testing. 

TABLE 1 



Polypeptide 


Monoclone No. 


Subclass/Chain 


A 


114-1F2 


yMx 




114-2F2 


yMx 




114-3H7 


yMx 




114-5E4 


yMx 




114-6G6 


yMx 




114-8D10 


yMx 




114-9H3 


il/x 




114-15E8 


yMx 




114-16C11 


yMx 




114-18E4 


yMx 




114-19F11 


yMx 




114-20H5 


Uix 


B 


113-1E3 


yZlx 




113-2E9 


yZfx 




113-3F6 


y2blx 




113-4H7 


yZlx 




113-5B7 


yZlx 




113-7C6 


yZblx 




113-9G9 


yZlx 




113-10F2 


yZlx 




113-13G11 


yZ/x 




113-15E7 


yZlx 




113-16H8 


yZlx 




113-17G12 


il/x 




113-19A10 


il/x 




113-20G11 


7 3/x 




11 3-21 H3 


7 1/x 




113-26D3 


il/x 




113-44C1 


yMx 




113-46B7 


yMx 




113-53G5 


il/x 




113-63E8 


7 1/x 
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TABLE 2 



5 



10 



roiypepuoe 


IVIUI1UUIUIIO Ills* 


Subclass/Chain 


C 


llO-ODI 






118-6F3 


7 2b/* 




118-8D11 


7 1/x 




118-9B11 


7 1/x 




118-13D11 


atx 




118-18C12 


7 1/x 




118-20A3 


7 2b/* 




118-25C3 


7 1/x 




118-26F5 


7 3/x 



75 

TABLE 3 



20 



25 



Monoclone No. 


Cross reactivity 


MMP-1 


MMP-2 


MMP-3 


MMP-7 


MMP-8 


MMP-9 


113-5B7 

113- 15E7 

114- 1F2 
114-2F2 
118-3B1 














- :No reaction 



30 

Working Example 4 Expression and Identification of Gene Product 

By means of EcoR I cleavage, an insertion fragment was excised from the recombinant pBluescript 
containing a cloned MT-MMP gene, constructed in section (f) of Working Example 1. Cloning was then 

35 carried out at an EcoR I site of the eukaryotic expression vector pSG5 (Stratagene). Then, human 
fibrosarcoma cells (HT1080) were transfected with said recombinant pSG5 by a calcium phosphate method. 
Specifically, 20 ug of recombinant pSG5 and 62 lil of 2M CaCI 2 was added to distilled water, and 2x HBSP 
solution <50mM HEPES buffer, pH 7.1 containing 1.5mM NazHPO*. 10mM KCI, 280mM NaCI and 12mM 
glucose) was added to the bottom of the tube to form a total volume of 1 ml. This material was mixed. 

40 stood at room temperature for approximately 30 minutes, and thorough precipitate formation was carried 
out. The precipitate was dispersed by pipetting, added dropwise to HT1080 cells and incubated for 
approximately 4 hours in a COz incubator. Next, the culture medium was removed, a 15% glycerol solution 
was added and treated for 1 to 3 hours, the glycerol was discarded by suction, washed with PBS and fresh 
culture medium containing ^S-methionine was added. Culturing was continued, and cellular proteins were 

45 labeled by 35 S. Incidentally, expression of MT-MMP genes in HT1080 cells cannot be detected by Northern 
Blot analysis. 

The cells were incubated for 1 hour at 4' C in a lysing buffer solution (0.01 M Tris-HCI buffer. pH 8 
containing 1% Triton X-100, 1% bovine hemoglobin, 1mM iodoacetamide, 0.2U trypsin inhibitor, 1mM 
PMSF and 0.1 4M NaCI). The cell lysate was centrifuged and the supernatant was recovered. Sepharose-4B 

so (Pharmacia) coupled with a monoclonal antibody obtained in Working Example 3 was added to the 
supernatant, the material was incubated at 4* C for 2 hours with agitation, and immunoprecipitation was 
carried out. Monoclonal antibodies against polypeptide A used in immunoprecipitation were two of the 12 
obtained in Working Example 3 which had low non-specific reactivity (monoclone numbers 114-1F2 and 
114-2F2 [Assignment No. FERM BP-4743]). Next, Sepharose 4B coupled with monoclonal antibodies 

55 subjected to immunoprecipitation were precipitated by centrifugation. washed three times with a washing 
solution (0.01M Tris-HCI buffer, pH 8 containing 1% Triton X-100. 1% bovine hemoglobin and 0.14M NaCI), 
and lastly, washed with 0.05M Tris-HCI buffer. pH 6.8. A sample buffer for SDS poly aery lam ide elec- 
trophoresis was added to washed Sepharose-4B coupled with a monoclonal antibody, boiled 5 minutes at 
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100*C, and SDS polyacrylamide electrophoresis was carried out. The electrophoresed gel was layered with 
X-ray film (Kodak XR), 1 week autoradiography was then carried out at -70 'C, and the developed X-ray 
films were traced by a densitometer to measure signal intensity. With each of the anti-MT-MMP monoclonal 
antibodies used (monoclone numbers 114-1F2 and 114-2F2), the immunoprecipitate contained a 63 kDa 

5 protein. In cells transfected with a pSG5 vector alone not containing an MT-MMP gene as a control. anti- 
MT-MMP monoclonal antibodies (monoclone numbers 114-1F2 and 114-2F2) did not precipitate a 63 kDa 
protein. The 63 kDa molecular weight of the protein detected by immunoprecipitation nearly matched a 
molecular weight of 65.78 kDa calculated from the amino acid sequence denoted by Sequence Sheet 
sequence number 1. In addition, a variant MT-MMP expression plasmid was constructed in which amino 

10 acids from position 13 to position 101 were deleted from the amino acid sequence denoted by Sequence 
Sheet sequence number 1, HT1080 cells was transfected with said variant as stated above, and im- 
munoprecipitation was carried out. With HT1080 cells to which the variant MT-MMP gene was introduced, a 
63 kDa protein was not detected, and a 55 kDa protein was detected. This molecular weight matched a 
molecular weight predicted from the introduced deletion. 

75 

EXPERIMENTAL EXAMPLE 

(a) Activation of proMMP-2 by MT-MMP Expression 

20 Recombinant pSG5 carrying a cloned MT-MMP gene, constructed in Working Example 4, and a pSG5 
vector alone, serving as a control, similarly transfected into HT1080 cells by the calcium phosphate method 
mentioned in Working Example 4, or into mouse embryonic fibroblasts NIH3T3. However, a regular fresh 
culture medium was used in lieu of the fresh culture medium containing ^S-methionine. Both the HT1080 
cells and the NIH3T3 cells secreted proMMP-2 and proMMP-9 (corresponding respectively to the 66 kDa 

25 and 97.4 kDa bands in Figure 6), and in cells transfected with an MT-MMP gene, MT-MMP expression was 
confirmed by immunoprecipitation experiments (See Working Example 4). 

The transfectants obtained were cultured for 24 hours in a serum free medium and the recovered 
culture supernatant was supplied for zymography. The culture supernatant was mixed with an SDS 
polyacrylamide electrophoresis buffer (non-reducing condition) and left at 4^C overnight. Electrophoresis 

30 was then performed at 4'C, with a 20 mA current, using a 10% polyacrylamide gel containing 1 mg/ml 
casein. After electrophoresis, the gel was washed with a gelatinase-buffer (Tris-HCI buffer, pH 7.6 containing 
5mM CaCfe and 1 uM ZnSOO containing 2.5% Triton X-100 with gentle agitation for 15 minutes, and this 
operation was repeated twice. Next, the gel was immersed in a gelatinase-buffer containing 1% Triton X- 
100 and stood at 37 *C overnight. The buffer was discarded and the gel was stained for 1 hour with 0.02% 

35 Coomassie Brilliant Blue-R (dissolved in 50% methanol/10% acetic acid) and destained by immersion in a 
destaining solution (5% methanol, 7.5% acetic acid). 

As shown in Figure 6, MT-MMP gene-transfected HT1 080 cells produced new 64 kDa and 62 kDa 
bands, confirming proMMP-2 activation. This active-form MMP-2 exhibited the same molecular weight as an 
activehform MMP-2 molecule induced by treatment of cells with 100 ug/ml of concanavalin A and reacted 

40 specifically against anti-MMP-2 monoclonal antibodies. This activation was not observed in a control 
transfected with a vector alone. Likewise, proMMP-9 showed no change in molecular weight and no 
activation similar to that observed in control cells. Such activation of proMMP-2 depending on MT-MMP 
expression was also observed in MT-MMP gene-transfected NIH3T3 cells. 

45 (b) Activation of ProMMP-2 by MT-MMP Expression Ceil Membrane Fraction 

In a manner similar to that noted in the above section (a), African green monkey kidney-derived COS-1 
cells were transfected with recombinant pSG5 containing cloned MT-MMP gene, or with control pSG5 
vector alone by a calcium phosphate method. A cell membrane fraction was then prepared from the 

so obtained transfectant according to the method of Strongin et al. (J. Biol. Chem.. 268:14033-14039, 1993). 

The transfectant was washed with PBS, and cells were harvested by centrifugation and suspended in a 
25mM Tris-HCI buffer, pH 7.4 containing 8.5% sucrose, 50mM NaCI, 10mM N-ethylmaleimide, 10 ug/ml 
aprotinin, 1 ug/ml pepstatin A, 1 ug/ml leupeptin and imM phenylmethylsulfonyl fluoride. The cell 
suspension was homogenized in a Dounce homogeniz r, and the homogenate was centrifuged (3000x g. 10 

55 min 4*C) The r suiting supernatant was ultracentrifuged (100,000x g. 2 hours) and the precipitate was 
suspended in a 25mM Tris-HCI buffer, pH 7.4 containing 50mM NaCI, 10mM N-ethylmaleimide. 10 ug/ml 
aprotinin 1 ug/ml pepstatin A, 1 ug/ml leupeptin and 1mM phenylmethylsulfonyl fluoride. This suspension 
was fractionated by discontinuous sucrose density gradient centrifugation (20, 30, 50, 60% sucrose 
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solutions; 100,000x g; 2 hours; 4-C), and bands of cell membrane fractions appeared were recovered. 
These fractions were precipitated again by ultracentrifugation (100,000x g, 2 hours), suspended in 25mM 
HEPES/KOH buffer, pH 7.5 containing 0.1mM CaCb and 0.25% Triton X-100, and adjusted to a final protein 
concentration of 1-2 mg/ml. This suspension was ultracentrifuged (100.000x g, 1.5 hours. 4*C) to remove 

s insoluble residue, and the supernatant obtained was taken as a cell membrane fraction. 

Cell membrane fractions (protein content 20 ug) respectively prepared from untreated COS-1 cells or 
from COS-1 cells transfected with pSG5 vector alone or pSG5 vector with an MT-MMP gene were 
incubated with HT1080 cell culture supernatant at 37 • C for 2 hours. Using these samples, the zymography 
noted in the above section (a) was performed. 

io In the results, new 64 kDa and 62 kDa bands appeared and the activation of proMMP-2 present in 
HT1080 cell culture supernatant was observed only when cell membrane fractions derived from MT-MMP 
gene-transfected COS-1 cells were used (see Figure 7), and the activation of proMMP-2 was inhibited by 
the addition of recombinant (r) human TIMP-2. These results exhibited the activation of proMMP-2 by MT- 
MMP expressed on a cell membrane. 

is 

(c) Stimulation of cellular invasion in vitro due to MT-MMP expression 

Invasion of cells was assayed by modified Boyden Chamber method (Cancer Res., 47:3239-3245, 
1987), and operations were carried out in accordance with the manufacture's instructions for a Biocoat 

20 Matrigel Invasion Chamber (Becton Dickinson). 

In a manner similar to that noted in the foregoing section (a), HT1080 cells or NIH3T3 cells were 
transfected with recombinant pSG5 carrying a cloned MT-MMP gene, or a control pSG5 vector alone, by a 
calcium phosphate method, and each of these host cells secreted proMMP-2. The resulting transfectants 
were then suspended in DMEM medium containing 0.1% BSA, and 2x10 s cells were seeded onto an 

25 uncoated filter (pore size 8 urn) or a preswelled Matrigel Coat filter in a Biocoat Matrigel Invasion 
Chambers. After 24 hours incubation in a C0 2 incubator at 37 •C, the filters were fixed by 10 seconds 
immersion in methanol. The filters were then stained by hematoxylin for 3 minutes, washed, and stained by 
eosin for 10 seconds, and the number of cells invaded the bottom surface of the filters were counted under 
a light microscope (at a magnification of x 400). 

30 In the MT-MMP gene-transfected HT1080 cells and NIH3T3 cells, more than twice as many invading 
cells were seen compared to cells transfected with the control vector alone (See Figure 8 Matrigel). 
Specifically, MT-MMP expression was seen to stimulate cellular invasion. Furthermore, the addition of 10 
ixg/ml of r-human TIMP-2 to this assay system clearly suppressed cellular invasion (see Figure 8 
Matrigel + r-human TIMP-2). 

35 

BRIEF DESCRIPTION OF THE FIGURES 

Figure 1 shows hydrophilic and hydrophobic distribution diagrams for the amino acid sequence of MT- 
MMP, according to the Kyte-Doolittle method. 

40 Figures 2A, 2B, 2C, 2D, 2E, 2F, 2G and 2H are figures comparing sequential homology between the 
amino acid sequences of MT-MMP and those of the known MMP family (MMP-1, MMP-2, MMP-3, MMP-7, 
MMP-8, MMP-9, MMP-1 0 and MMP-1 1). Letters in each figure indicate respective amino acids; A 
corresponding to Ala, C to Cys, D to Asp, E to Glu, F to Phe, G to Gly, H to His, I to lie, K to Lys, L to Leu. 
M to Met, N to Asn, P to Pro, Q to Gin, R to Arg, S to Ser, T to Thr, V to Val, W to Trp and Y to Tyr. 

45 Figures 2A through 2H are an integral unit and comprise a single figure. 

Figure 3 shows a relative expression of MT-MMP mRNA in various human tissues, according to 
Northern blot analysis. 

Figure 4 shows a relative expression of MT-MMP mRNA in a normal tissue and a tumour tissue of two 
samples of human lung squamous cell carcinoma, according to Northern blot analysis. 
50 Figure 5 shows results for detection, by immunoprecipitation, of MT-MMP proteins expressed in 
HT1080 cells transfected with MT-MMP cDNA. The figure shows a scan by a densitometer, and the 
darkened areas indicate the location of MT-MMP immunoprecipitated by anti-MT-MMP monoclonal anti- 
body. 

Figure 6 shows an activatjon of proMMP-2 by expression of MT-MMP, according to zymography of 
55 culture supernatant from HT1080 and NIH3T3 cells transfected with MT-MMP cDNA. 

Figure 7 shows an activation of proMMP-2 by a cell membrane fraction of COS-1 cells transfected with 
MT-MMP cDNA, according to zymography. 
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75 



20 



25 



Figure 8 shows a stimulation of the cellular invasion by expression of MT-MMP, according to a partially 
modified Boyden chamber method. 

5 [Sequence Sheet 1] 

Sequence No . : 1 
Length of sequence: 582 
10 Type of sequence: Amino acid 

Topology: Linear 
Class of sequence: Protein 
Sequence 

Net Ser Pro Ala Pro Ar: Pro Ser Ars Cys Leu Leu Leu Pro Leu 

I S 10 15 

Leu Thr Leu Clr Thr Ala Leu Ala Ser Leu Cly Ser Ala Gin Ser 

20 25 30 

Scr Ser Phe Scr Pro Glu Ala Trp Leu Gin Gin Tyr Cly Tyr Leu 

35 40 45 

Pro Pro Gly Asp Leu Ar: Thr His Thr Cln Art Ser Pro Gin Ser 

SO 55 60 

Leu Ser Ala Ala lie Ala Ala Net Gin Lys Phe Tyr Cly Leu Gin 

65 70 75 

35 y»| Thr Cly Lys Ala Asp Ala Asp Thr Ket Lys Ala Net Ara An 

80 85 .90 

Pro Art Cys Gly Val Pro Asp Lys Phe Gly Ala Glu lie Lys Ala 

40 95 100 105 

Asn Vol Arc Art Lys Art Tyr Ala lie Cln Cly Leu Lys Trp Cln 

110 H5 120 

His Asn Glu lie Thr Phe Cys He Cln Asn Tyr Thr Pro Lys Yal 

12$ 130 135 

Cly Clu Tyr Ala Thr Tyr Clu Ala lie Ar: Lys Ala Phe Art Tal 

140 MS »50 

Trp Glu Ser Ala Thr Pro Leu Ar: Phe Ar: Glu Val Pr Tyr Ala 

15$ 160 I 65 

55 



30 



45 



50 
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[Sequence Sheet 2) 
Sequence No.: 1 (continued) 

Tyr lie Ar: Clu Cly His Clu Lys Gin Ala Asp Me Net Me Phe 

170 175 180 

Phe Ala Clu Glr Phe His Cly Asp Art Thr Ala Phe Asp Cly Clu 

I8S 190 195 

Cly Cly Phe Leu AH a His Ma Tyr Phe Pro Cly Pro Asn lie Cly 

200 205 210 

Gly Asp Thr His Phe Asp Ser Ala Clu Pro Trp Thr Val Arc Asn 

215 220 225 

Clu Asp Leu Asn Cly Asn Asj> He Phe Leu Val Ala Val His Clu 

230 235 240 

Leu Gly His Ala Leu My Leu Glu His Ser Ser Asp Pro Ser Ala 

245 250 255 

Me Net Ala Pro Phe Tyr Cln Trp Net Asp Thr Clu Lys Phe Val 

260 265 270 

Leu Pro His Tyr Asp Pro Arc Cly Me Gin Cln Leu Tyr Cly Cly 

275 280 285 

Lys Cln Cly Ser Pro Pro Ar: Cys Pro Leu Asn Pro Cly Leu Pro 

290 295 300 

Pro Cly Leu Leu Phe Leu Me Asn Pro Lys Asn Pro Thr Tyr Cly 

30S 310 315 

Pro Asn Me Cys Asp Cly Asn Phe Asp Thr ¥al Ala Net Leu Arc 

320 325 330 

Cly Clu Net Phe Asp* Phe Lys Lys Ar: Trp Phe Trp Ar: Val Ar: 

335 340 345 

Asn Asn Cln Val Net Asp Cly Tyr Pro Ket Pro Me Cly Cln Phe 

350 355 360 

Trp Ar: Cly Leu Pro Ala Ser He Asn Thr Ala Tyr Clu Ar: Lys 

365 370 375 
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[Sequence Sheet 3] 
Sequence No.: 1 (continued) 

Asp Cly Lrs Phe Val Phe Phe Lys Cly Isp Lys His Trp Val Phe 

380 38S 390 

Asp Clu Ala Ser Leu Clu Pro Cly Tyr Pro Lys His lie Lys CJo 

395 400 405 

Leu Cly Ars Cly Leu Pro Thr Asp Lys He Asp Ala Ala Leu Phe 

4 10 415 420 

Trp Mel Pro Asn Cly Lys Thr Tyr Phe Phe Ar: Cly Aso Lys Tyr 

425 430 435 

Tyr Ar: Phe *sn Clu Clu Leu Ar: Ala Tal Asp Ser Clu Tyr Pro 

440 445 450 

Lys Asn lie Lys Val Trp Clu .Cly lie Pro Clu Ser Pro Ar« Cly 

455 460 465 

Ser Phe Met Cly Ser Asp Clu Val Phe Thr Tyr Phe Tyr Lrs Cly 

470 475 480 

Asn Lys Tyr Trp Lys Phe Asn Asn Cln Lys Leu Lys Val Clu Pro 

48S 490 495 

Cly Tyr Pro Lys Ser Ala Leu Ar: Asp Trp Met Cly Cys Pro Ser 

500 505 510 

Cly Cly Ar: Pro Asp Clu Cly Thr Clu Clu Clu Thr Clu Val lie 

SIS 520 525 

lie lie Clu Val Asp Clu Clu Cly Cly Cly Ala Val Ser Ala Ala 

S30 535 540 

Ala Val Val Leu Pro Val Leu Leu Leu Leu Leu Val Leu Ala Val 

54S 550 555 

Cly Leu Ala Val Phe Phe Phe Ar: Ar: His Cly Thr Pro Ar: Ar: 

SCO 565 570 

Leu Leu Tyr Lys Cln Arc Ser Leu Leu Asp Lys Val 

S7S "0 
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[Sequence Sheet 4] 

Sequence No. : 2 

Length of sequence: 3403 

Type of sequence: Nucleic acid 

Number of chain: Double strand 

Topology : Linear 

Class of sequence: cDNA to mRNA 

Origin: 

Species: Human 
Tissue : Placenta 
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15 



20 



30 



35 



40 



45 



[Sequence Sheet 5] 
Sequence No.: 2 (continued) 

ACTTCACTCCCTACC CAAGACAAACCCCCC CCCACCCAGTCGCCC TCCCACCCCACCCCC 60 



TGCCCCCCGCCCCCC ACCCACACTCCCCCC CTGACCCCCTGCTCT CCCACCATCTCTCCC 120 

MelSerPro 



CCCCCAACACCCTCC CCTTGTCTCCTCCTC CCCCTGCTCACCaC CCCACCCCCCTCGCC 180 

AlaProArgProSer ArgCysLeuLeuLeu ProLeuLeuThrLeu ClyThrAlaLeuAla 
^ to /r xo 

TCCCTCGGCTCCCCC CAAAGCAGCACCTTC ACCCCCGAACCCTCG CTACACCAATATCGC 240 

SerLeuClySerAla CInSerSerSerPhe SerProCluAlaTrp LeuGlnClnTyrCly 
3o J? mo 

TACCTGCCTCCGGGC CACCTACCTACCCAC ACACACCGaCACCC CACTCACTCTCACCC 300 

TyrLeuProProGly AspLeuArgThrHis ThrClnArgSerPro GlnSerLeuSerAla 
25 ?o *>° 

GCCATCGCTGCCATC CACAAGTTTTACCGC TTGCAACTAACAGCC AAAGCTCATCCAGAC 360 

AlalleAlaAlaMet GlnLysPheTyrGly LeuGlnValThrGly LysAlaAspAlaAsp 
£C lo 7? P° 

ACCATGAAGCCCATG AGGCGCCCCCGATGT GCTGTTCCACACAAC TTTGGCCCTCAGATC 420 

ThrMetLysAIaMet ArgArgProArgCys ClyValProAspLys PheClyAlaCluIle 

A AG GCC AATCTTCGA AGGAAGCGCTACCCC ATCCAGCCTCTCAAA TCCCAACATAATGAA 480 

LysAlaAsnValArg ArgLysArgTyrAla I leGlnGlyLeuLys TrpClnHi sAsnClu 
,oS //O //? 

ATTACTTTCTCCATC CAGAATTACACCCCC AACCTCGCCCACTAT CCCACATACCACCCC 540 

HeThrPheCysllc GInAsnTyrThrPro LysValClyCluTyr Al aThrTyrC luAla 

/a r **° /3S /<M 

ATTCGCAAGGCCTTC CCCGTGTGCGAGACT GCCACACCACTCCGC TTCCGCGACGTCCCC 600 

I leArgLysAlaPhe ArgValTrpGIuSer AlaThrProLeuArg PheArgCluValPro 
/<c g- /&> *4o 

TATCCCTACATCCGT C AGG GCC ATG AG A AG CAGCCCCACATCATG ATCTTCTTTG CCC AG 660 

TyrAlaTyrlleArg CluGlyHisGluLys ClnAlaAspI leMet 1 1 ePhePheAlaClu 
/6S no /?r 



50 



55 
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[Sequence Sheet 6] 
Sequence No.: 2 (continued) 



CCCTTCCATCGCCAC ACCACCCCCTTCCAT CCTCACCCCGCCTTC CTCCCCCATCCaAC 720 
ClyPheHisClyAsp ArgThrAlaPheAsp GlyCluClyGlyPhe LeuAlaHisAlaTyr 
/K" /9o i9S MrO 

TTCCCAGGCCCCAAC ATTCCACCACACACC GACnTCACTCTCCC CACCCTrCCACTCTC 780 
PheProClyProAsn I leClyClyAspThr HisPheAspSerAla CTuProTrpThrVal 
jloS >io ^ 

ACCAATCACCATCTC AATCCAAATCACATC TTCCTCCTCCCTCTG CACCACCTCCCCCAT 840 
AreAsnCluAspLeu AsnGI yAsnAspi le PheLeuVal AlaVa I HisGluLeuGlyHis 
-*fc> ±uo 

CCCaCCCCCTCCAC CATTCCACTCACCCC TCCCCCATCATCCCA CCCTTTTACCAGTCG 900 
AlaLeuClyLeuClu HisSerSerAspPro SerAlal leMelAI a ProPheTyrClnTrp 
20 just -x^o ->4o 

ATCCACACCCAAAAA TTTCTCCTTCCCCAT TATCACCCCCCCCGC ATCCACCAACTTTAT 960 
UetAspThrCluLys PheValLeuProHis TyrAspProArgGly HeGlnGlnLeuTyr 

^>o ±?s- -**o 

CCCCCTAAGCAACCT TCCCCACCAACATGC CCCCTCAACCCAGGA CTACCTCCCGGCCTT 1020 
ClyClyLysGlnCly SerProProArgCys ProLeuAsnProGl y LeuProProGlyLeu 
jLi>r ±-9o ±3* 

jCTGTTCCTGATAAAC CCCAAAAACCCCACC TATGGGGCCAACATG TGTGACGGGAACTTT 1080. 
LeuPheLeu II eAsn ProLysAsnProThr TyrGjyProAshI le CysAspGlyAsnPhe 

3t>£ S/o iff cfcvo 

CACACCGTGGCGATG CTCCCACGCCAGATC fTrGACTTCAAGAAG CGCTGGTTCTCGCGG 1140 
35 AspThrValAlaMet LeuArgGlyGluMet PheAspPheLysLys ArgTrpPheTrpArg 

.^r A>r mo 

GTCACGAATAACCAA GTGATCGATCGATAC GCAATGCCCATTGGC CAGTTCTGGCCGGGC 1200 
ValArgAsnAsnGIn ValUetAspClyTyr ProMetProI leGly GlnPheTrpArgCly 

m scv **° 

aCCCTGCGTCCATC AACACTGCCTACGAG ACGAAGCATGGCAAA TTCGTCTTCTTCAAA 1260 
LeuProAlaSerlle AsnThrAIaTyrGlu ArgLysAspClyLys PheValPhePheLys 
^ **° 
« GGAGACAAGCATTGG GTGTTTGATCAGGCG TCCCTGGAACCTGGC TACCCCAACCACATT 1320 

GlyAspLysllisTrp Va W>heAspCluAla SerleuGluProGly TyrProLysHisl le 
jPS- 



50 



25 



30 



55 
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[Sequence Sheet 7] 
Sequence No.: 2 (continued) 



AACGACCTCCCCCCA CCCCTCCCTACCCAC AACAHCATCCTCCT CTCTTCTCCATCCCC 1380 

LysCluLeuClyArg CI yLeuProThi Asp lysl leAspAlaAi a LeuPheTrpMetPro 

70 vat «'C wf «±o 

AATCCAAACACCTAC rrCTTCCCTCCAAAC AACTACTaCCCTTTC AACCAACACCTCACC 1440 

AsnClyLysThrTyr PhePheArgClyAsn LysTyrTyrArgPhe AsnCluGluLeuArg 
WO wo 

GCAGTGGATACCCAG TACCCCAACAACATC AAACTCTCGCAACCC ATCCCTCACTCTCCC 1500 

AlaValAspSerGlu TyrProLysAsnMc LysValTrpGluCI y 1 1 eProCluSerPro 
4L$6 «{>o 

AGACGGTCATTCATC CGCaGCCATGAACTC TTCACTTACTTCTAC AACCCCAACAAATAC 1560 

ArgClySerPheMet GlySerAspCluVal PheThrTyrPheTyr LysClyAsnLysTyr 

vio 

TGGAAATTCAACAAC GACAAGCTGAAGCTA CAACCCGCCTACCCC AACTCACCCCTCAGG 1620 

TrpLysPheAsnAsn GlnLysLeuLysVal CluProGlyTyrPro LysSerAlaLeuArg 
tffo Soo 

CACTGCATCCCCTCC CCATCCGGaCCCCGC CCGCATGAGCCGACT CACCACCACACCGAG 1680 

AspTrpMetGlyCys ProSerClyClyArg ProAspGIuClyThr CluGIuGluThrCIu 

fy><r S-/0 S~'t Z^O 



15 



20 



25 



30 



35 



Ci><r s-/o 

GTGATCATCATTCAG GTCCACGaCCaCCCC CCCCCCGCCGTCAGC CCCGCTGCCGTGGTG 1740 

Val I iel lei leCI u V a I AspCluCIuCly ClyClyAlaValSer AlaAiaAlaValVal 

rjo 

CTGCCCGTGCTCCTC CTCCTCCTCCTCCTC GCCCTCGCCCTTGCA CTCTTCTTCTTCAGA 1800 

LeuProValLeuLeu LeuLeuLeuVai Leu AlaValGlyLeuAla ValPhePhePheArg 

&cf- r$~o S$S~ ?t>o 

CCCCATCGGACCCCC aGCCCaCTCCTCTAC TCCCACCCTTCCCTC CTGGACAAGCTCTCA 1860 

40 ArgHisGI yThrPro ArgArgLeuLeuTyr CysClnArgSerLeu LeuAspLysVal . . . 

&<r $-?o &sr s#o 

CCCCCATCCCCCCCC CCCCCCACTCCTACC ACAACGACTTTGCCT CTCAACCCCAGTGCC 1920 



45 



ACCACGTCGTCCTCC CTGCGCTGCTCCCAT CCTCCCGACCCCCCT CCCCCCACCCTCCTT 1980 



50 



55 
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[Sequence Sheet 8] 
Sequence No.: 2 (continued) 

GCTTCTCTCTGTCCC CTCCCTCCCCTCCTT CACCaCACCCCCTC CCTCCCTCCTGCCCC 
CCCATTCCATCTTCC CTACATACGTCCCCT CACCCCTCACTGCCA CGCCCCCCCTTTCCA 
CCCTCTGCCCCTCAG CCGAACCCTCTACCT TTGTGTCTCTCCACC CCCATCTGAATGTGT 
TGGGGGCTCTCCACT TG AAC GCAGG ACCCT CAGACCTCGCTGCTA AACGTCAAATCCGGT 
CATCTGCTCCTTTTC CATCCCCTGACATAC CTTAACCTCTCAACT CTCACCTCACCACCC 
TCTGGGGAACTCCAG CCaCAAAGCCCCAC GTCTACCCAATTCCC ACCCTCTCACTACTC 
TTTCTGCCTAAAAGC AATCrAATCTTGTTC AGGGTAGACACCaG ACACAGTGTCACCGG 
GTCGCGACTCCCAAC CCACCCTAAGACCTT CCCACCAAAACTCAC AGAGCGTCTTCGTTC 
CTCAGTCAGTCAACT TCCTCCCAGATCTTC CTCTCCaCACCTAC CCCAGCGAACTTCCA 
AGG AAG G AGCCTG AG CCACTGCCCACTAAG TCGGCAGAACAAACC CTTGGCAGCCCTCTG 
CaCTCGAATGTTAG CCTTGGATGCGCCTT TCACAGTTACAAGAG CTGAAACCACCGGTG 



EP 0 685 557 A1 

[Sequence Sheet 9] 
Sequence No.: 2 (continued) 

5 

CACCTCTCACCTACC CTCCCCCCCCTGGCA CAGCCCCCCCTCAGA CCCCTCCCCCTCACC 2700 
10 CTTAACCCCACACAC AAACAACCTTGCCCA AACTCAGCCAGCTCC CGCTGACCCCCAAAC 2760 
CCAGAACACCCACAG CCCCCACGAGCGGAC CAAAAAGCAAAATGA CGACGTGCACCACCA 2820 

75 

TTGGAACCCTCCGGC CCCCCACCCACCTTA AACCTAACACGCCCC CATCAGGGTGCGCTT 2880 

20 

GTCGACCTCTCAGGA AGCCCCCTCACGAAC CCACACTTCCTCCTG TTCCTCCCTGTCCTT 2940 
25 CCTCCCCACCCAGGC TCCACGGCAAGGCTA CGCCACCCAGAGAAA CCACCACACAACCCA 3000 
CACAAACGACGAATG AGCGGCTTCACCAGA GGCCACAGGGCCTCG CTGGCCAGGCTGTCC 3060 

30 

CCCCCTCCTCACCAT CTCAGTCACGGACAG GACCTGGGCCTCCTT AGCCTGGCTCCACGC 3120 

35 

TTCCCTCCTCCCACC ACCCCTCAACCCTGT CTCACCAGTGCCCTG CCCTCTCGCTCCCCC 3180 
40 ACCCAGCCCACCCAT TCAACTCTCCTTCGC TCCC AA AGCTG G GCA TGCTACCGGGGACTT 3240 
CGCACACTCAGACCC ACTGGACCCACCAAC ACCACAGCCATCTCC CCCCGTGGCCCACGC 3300 

45 

CTACCCCAAATCCCG TCAACCCTCCTCCCA CTTCGCCTAGATTTC TCTCTTCTTTGTTTT 3360 

50 

TTTCTTTTCTTI AAT GTATArriTTATrAT AAlTATTATATAT 

55 
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[Sequence Sheet 10] 

Sequence No. : 3 

Length of sequence: 7 

Type of sequence: Amino acid 

Topology: Linear 

Class of sequence: Peptide 

Fragment type: Intermediate fragment 

Sequence 

Pro Arg Cys Gly Val Pro Asp 
1 5 

[Sequence Sheet 11] 

Sequence No . : 4 

Length of sequence: 9 

Type of sequence: Amino acid 

Topology: Linear 

Class of sequence: Peptide 

Fragment type: Intermediate fragment 

Sequence 

Gly Asp Ala His Phe Asp Asp Asp 
1 5 

[Sequence Sheet 12] 

Sequence No . : 5 

Length of sequence: 20 

Type of sequence: Nucleic acid 

Number of chain: Double strand 
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Topology: Linear 

Class of sequence: Other nucleic acid, synthetic DNA 
Sequence 

CC(C/A). (C/A)G(G/A/C)TG(T/C) (C/G) G (G/A/C) (G/A) (A/T) <G/C/T)CC 
(T/A) GA 

[Sequence Sheet 13] 

Sequence No . : 6 

Length of sequence: 25 

Type of sequence: Nucleic acid 

Number of chain: Double strand 

Topology: Linear 

Class of sequence: Other nucleic acid, synthetic DNA 
Sequence 

(T/C)TC(G/A)T(G/C) (G/A/C) TC (G/A) TC (G/A) AA (G/A) TG (G/A) (G/A) 
(C/A/T) (G/A)TC(T/C) 

[Sequence Sheet 14] 

Sequence No . : 7 

Length of sequence: 27 

Type of sequence : Amino acid 

Topology: Linear 

Class of sequence: Peptide 

Fragment type: Intermediate fragment 

Sequence 



23 
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Gly Gly Gly Ala Val Ser Ala Ala Ala. Val 

1 5 10 

Val Leu Pro Val Leu Leu Leu Leu Leu Val 

15 20 

Leu Ala Val Gly Leu Ala Val Phe Phe Phe 

25 



10 



'5 (Sequence Sheet 15] 

Sequence No . : 8 
Length of sequence: 14 

20 

Type of sequence: Amino acid 
Topology: Linear 
25 Class of sequence: Peptide 

Sequence 

Arg Glu Val Pro Tyr Ala Tyr He Arg Glu 

30 

1 5 
Gly His Glu Lys 

35 

[Sequence Sheet 16] 
Sequence No. : 9 

40 

Length of sequence: 14 
Type of sequence: Amino acid 
45 Topology : Linear 

Class of sequence: Peptide 
Sequence 

50 



55 
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Asp Gly Asn Phe 
1 

Arg Gly Glu Met 

[Sequence Sheet 17] 

Sequence No . : 10 

Length of sequence: 15 

Type of sequence: Amino acid 

Topology: Linear 

Class of sequence: Peptide 

Sequence 

Pro Lys Ser Ala Leu Arg Asp Trp Met Gly 

1 5 10 

Cys Pro Ser Gly Gly 

15 



Asp Thr Val Ala Met Leu 



10 



Claims 

1. A protein having the amino acid sequence shown in Sequence Sheet sequence number 1. 

2- A DNA having the nucleotide sequence shown in Sequence Sheet sequence number 2 which encodes 
a protein having the amino acid sequence shown in Sequence Sheet sequence number 1 . 

3. A plasmid containing a DNA having the nucleotide sequence shown in Sequence Sheet sequence 
number 2, and expressing the protein shown in Sequence Sheet sequence number 1. 

4. A host cell harbouring a plasmid containing a DNA having the nucleotide sequence shown in Sequence 
Sheet sequence number 2, and expressing the protein shown in Sequence Sheet sequence number 1. 

5. Monoclonal antibodies which peculiarly recognize a protein having the amino acid sequence shown in 
Sequence Sheet sequence number 1 . 
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Fig. 1 
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Fig. 2A 
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Fig. 2B 
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Fig. 
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